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(57) [^*«7l 

'5rv->l«rBi®=5:A i Ga I nN^McoJI^Bg:firS^!gfft-r 

[isisi tm^tifz s i c^^ffl±(cii 

^LTA 1 Ga I nN5fM*}g^-r-l.:S-&-C*-S. 4 
-r. 8 0 O'CtMLTtrS i C»K1 1 ±lzm^^aA 1 
Nl 2^Jg^-r-&. -eLT. 6 0 0*C-C2 0nm<;o## 
ISiPhA 1 N 1 3^mm-i>. iJ^t-^T'. 9 0 ox;m±£o» 
flR?aST'#Mn^HA 1 G a Nil 1 4 ^mmt^ « LT A 
1 G a NJg 1 4±Cct&T-^-^-^ A 1 G a I n 1 5 

lgia®=5:A 1 Ga I nN^M^fM-C# 




14- /{LQaNM 



1 

TA 1 G a I nNmm^mm-^-jimTh'yx . 
mMmmA-jzm-cnA i G a.N£(L^ff,^m^ms^Lfz^ 
tz. A 1 Ga.m-i^:^:^mmm^m^-th2-mt. 
ik^^x-miK^^A 1 Gaum^,smm^mi^Lfzmiz. a 
I Ga [ nNm^smmBm-hJimt, ^^tszt 

^rmSit-^-^A 1 Ga 1 nN^Mf^cO^:^. 

immm2] ham^tLfzmLmkLtiznmmfSjmi: 

TA I Ga I nNmmirmm-^ljmX'^i-yX. 
iZ^ A 1 GaN*»/i>55r^i^®ii£jgjS-rSI^:i:, 

ix^^x-^-coA I GaNmi^^ammi:mfS.Lfzmz. m 
lamroA 1 GaN^.m&mm^i>L<mmm-coA 

1 GaN#^,a^lig±C;. ^m<7)iai^CO#^:5^^ A 1 Ga 

tszt^nmt-t^A 1 Ga 1 n N^'mf^mm^Mmyj 
(i. 8oox:iiLL(omm.&mTwmL. AiGaN*-^ 

mt-f-SiSsR:^^! ^-t{±2(2feig<7)A 1 Ga I n N 

mxib-^x. ^^mrnvrzisumiP^commmmt: 300 

lZMm<7)A 1 Ga I n N4^#^Jig<7)^it:&:S, 
[if*Jl5] SS^j'/S i Cttzl±ZnOX'hi>Zt^m 
tat-r^sif^Jll */v:{i:2tsei80A 1 Ga I nN^^ 

im^me] Mm^A 1 oaN^t. 
OTiEmigiaA 1 G a.Nm±i,zmmLtzA I Ga.m^^^ 

m^A 1 Ga.Np^i^^:^mmm±i>zmmi-fzA 1 Ga i 
6 t>ztma)^^mwwimm.^im tfc^ t ^^sst^ 

[0001] ^ 

% s u < \tw,z<fmMi<r>^-mmy~^m=f-<7y^ 
■mAzwsi-h t>oT\ iff ic^'fk««jif^<5f^or«i^f£ic-^ 

[00021 

[(s^3ROMj3 1 9 8 8^f4C 6 7 0 n m^A 1 G a I n 



(2) !Nfil¥8-2 0 3 834 

2 

0—6 9 0 n m//|?l?5gt04'.i:»-c-^^jt//^ j-s—zi— Y 0 

-yc^mmc^iSLm . -r ^ (^mmmm<^mmz 

>i'<r)6 3 0 n mff^ t Loo*) -S> . § ^ IB 

.10 -V I m^k^-mw \y-^(m^i!^Mm.f,zmm lt $ t v ^ 
n^^^ii>m^\-imizhfc^^^m^tLx^m.^mAX' 
i: Lx<r>mmiht *)mmtx\>^^^>^fz, 

10 0 03] Ga.Nmm(r>im-nmtLXii. a-Al 
2O3 Wyr^T) ffi«i±tc:MOVPE& (^liifeaM 

1 0 5 0-C^fcJn,^L5tffi:K. mm J -9-7 

^ot-thi><DX'h^. m&^r-7r-iT<r> (000 1) 

CiBSrffllv ffisiST'^ISLJtGaN^A 1 N^ffiJl^^ 
LTi:t^JJ%^<^G a Nr«IM^?^JKT'& hZt imU^ 

ix. wfe%3er ^ ^- t L.xm&t\t^fi^ x-iz-^^-^ 

tz. 

[00041 

30 {f. 1^7r^TCiBi:GaNi:0|^tc{il 3. 8%i:(,^ 

[00051 ffiiaT-JtffiLytr^WilSrcrt-L^^ci^tJDl^ 

c^M'fl:MiOfi£:g*-'«irfigT'feS3{^', ficf/Si: LT 1 08 cm 
-2£Ui<?)5X7 >! -y hte{4*i#^LJ^^fe«^:^Kc0J^« 

[0006] *%Bg{±, feCi3&iiJ'-^<^JHttco j;v->A 1 

Ga I nnmm'mmjm^^'t^^ti^mii't 

I^mc. JnXfO^-^'SrS^'^cOatftWSrA 1 Ga 
I n N^M<0J^fiK*^6$-^fc-ri> i: ^ a -r-i. . 

[0007] 

mimiwmriA 1 Ga I n viuw^m^-jiWii. 
tm^titzmmmiL^ziummmm^'ttsmmiiX 
50 x/mm^isismm^m^^Lxumm^itLXA i Ga i 
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A I G a.m-i^S,mmi:mfS.LtzmzA l GaN*>/i>:5r 
&mmm?:m\m-hJ:nt. »:V^T•^-cOAlGaNi}i 
tenmil^?gjiXL)tftt::A 1 Ga 1 nNi^fe!j„Hig!f^i^}|? 

X\ HiflBiS^— aiXmHOA I GaNmiSuli^MtiSOO 
[00081 !9^Il2|fi®<7J A 1 G a I n Nf-SJ^O^^fiJc; 

izm~<r>A I GaNmSSia^M^JFML^cmcA 1 Ga 

m>i^Kchmmm^mf&'ti>j:mb. iJ^i^T-mziiOA i 

GaNiiiife!iHm)12rJ^fi5£Ucf^fcA 1 Ga I nN^ign^n 
M'm^WM-thJLmt. msim~coA 1 GaN#i^a^ 

M4'i> L<iit<mm-<r)A i G a NmjiS^^m:t3:^sc 

Offl^coM^SA ] Ga I n NJS*»^>^rl>^li&?*Sit 

{i8 0 o°cm.±.a)mwL^^'m^L. tmA i caN*- 
^.^ ^ wmma 8 0 0 •cjjiTioffi)K«as -r ^ ^: t 

[0009] ti±cOi»^Jlt2±5UT, ffiS^^SBSLitJn 
.^omSSSlSti 3 0 0 Hfe/^J^Xht^-S .1 1 , 
{is i C^ZnOf^5-&;i:*^a^ Lv^„ 

[0 0 101 

[f^ffll IB^Jai OA 1 Ga I n N^8gOfm**(C± 

[OOlllAlGaIn N COt&i^:^^||^MS 
mmt^^y r A Tffifti: Jt^y>T/J^S S i C , Z 

n 03£fi?$-ffll C: i o T , iSg-S!t)lJ^tiTT'*tl{±' 
mSSi^A 1 N^MS:Tffl*^o%-(citfi?f CiOA 

I N?iM±{ciSffl-cHim-r-^^N#js§.aA i nj^iii-te?^ 

[0 0 121 $^>{;{±, -ftiSn^BS^rn-LT^I^mH^HMS 

#*^S^ffiJS«;^^$-:frL-C«lSL3tA I Ga I n 

m^tt. ±mi,zmmLtlA l Ga I nNjfJP^*?)^::^:? 
-f -y h!K{4«0<5Mi&::Miic<£^irSltdili®^rA 1 G a I 

[0 0 131 MtC. ie*IB2iaS4<7)A 1 Ga I nN^j^ 

[ 0 0 1 4 1 A I G a I nNmm<7)mmzikiL-hm.A i 

Ga I nNjgfS^S-iilMf -l.<^T\ S^Xy ^ y h^mi 
SA 1 Ga I nNi@fS^icJ;oTffll^:)5ripl'\<7)3ia6l£^ 



MM^A J Ga J n N^||@C7JJ^Jt*i»rSli:^r€. . 
[ 0 0 15] Afc. :^milzltlil. S i CSrtcOjuX 
<?5^^'5r-ffi«(±t:tSi\^M:&:A 1 Ga 1 n N ?Wi|cOi^jig 

[0016] § Sm^lgjiein|!E$-ti ;tc?)T\ it 

•oTffig^J: D iimS.'CmffiM'^A 1 G a 1 n N"?$Mi> L 

10 < {i A 1 G a I n N ^mm(^miii(.tMm tKc^. 

[0017] 

[instegaji VAT. mmmT-4imi^mm-ti>. ^ts. m 
TlBl-i5^J^>^co^^T^il"J-^^-^^lB-r. 

[OOlSlAIGaln N?SJliO$gitt={i, miizm 
!im 1 OI*IgPlc{i^f^K;<fx#A^ 2 *iJlX 0 #{t ^^^tT 

mti X x/mmi:-ttsmn^mmzimx' # -s mit t ^ ^ 
T I . ^^m^mm- 1 <^9\-mirzi±mmmafm ^^jv 

7r-f hai+/-fe:7°^-4*iSJiS$ixTV^S, ^^>'r-f 
hK-9--b7-:J'-4(4t-:5'-lCj:oT 1 0 0 0|Hlte/4i- 

t^^. ^^^r-f Mg-9--fer^-4±Hfc{4, ^flOSb 
v^^. *>t, 53!i^MjS^ioi£g|«c:{i^S'-Kv:7^t-jf 

m^ixtzm%usti^mirhixx\>yx . ^^Ktm-i}^ 
[0019] {'mm 1)02 i,z-^m^<;:>^-(nmmm 

30 OA I xGay I nzNf-SM ( x + y + z = 1 , OS^x 
^1, Ogygl. O^zSl. OT, A I G a I n N 
tJi^"^-. ) (r>m)^1im\.ZX *)^LfzA ) G a I n UW 

ffiiorrMfli^ias-s^-r. iaioMovpE^s^fflv->/c: 

[0 020] en-sicmWLi I'tm^Wl.fzm. 

K^m 1 F^tc#A L:t . ^5^SR^G'g 1 l*IlC7}c^;^'X ^ 
^AL. ^^mm 1 P^£E:ti^ 1/1 O^JElzlS^L 

40 ti^k. y^yr^ hi?-9--br^— 4 1 0 0 0 niK/^ 

-br^-4^ 110 0"C*T'#faL. 6H-SiCffiflfcl 
l^WOrSrl^'fti^^To/i. 

[0021 ] -g-Of^. ffiftciSJgS- 9 0 O'CSm^U. 
53?i3;«r;^^A'i''2:(t)»^> 6 H-S i Cg£:^l 1 B5±tCV 
m^Jfi: LTT>'t~T;<rx^j^AL/cm. 1 O^^tC 

u\mmmhi,xh'jj<^)VT}v^~^j^^im\^xwk 

JPI OnmO^tJSH^HA I N^l 22:I©KLit. ZCOA 1 
N®1 2{41 0nm^Ug-C<55OT\ ^«:Pli5J&«A'l>C: 
50 ^v^iSrfJiMoj^t^oTv^^. *7tJ:o®{i. c:ix*^4. 
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^ijhh. S i CmRliA 1 Ga I nNJgt^ST-SiiCti 

[0022] -ecOfl:. h ifvPT/l-S -">>Acoet«^Sr 

-•^A^Sm^Ji^ LTJUP2 0 n mO-#ijiifen"„A I Njf 
1 S^itmL^vT. .rn^^ffif^fc LTffll^7t« A 1 Nm 

1 2{i:isra^jKwiartT-s>-?-c. mmho^'\,^tzib. xm 

*>'{il^l.C:i:{i^l^*\ ^ICOA l N l 3{i^W-i|ife^&i:^ 

[ 0 0 2 3 ] <JC>'^T', Wm^m: 1 0 0 0"Cl^J^?fl L/i 
fS, 1 1 liKJSf4 i; LT h U ^ ^;l^r 5-'>Ai:h'J>< 
^;P;<fU>'/jU^fft|&LTMI?3x£rn<7)A 1 GaNjil4 
SrttlfilLTt. A I 0.1Ga0.9NT'*>.So 3xxm 

O^^ftiwioTA 1 GaNjf 1 4«M{iTffli:^:'>fv:. 

[ 0 0 2 4 3 Mfc , 0 ox:m?a L^.!m, 

>'i>'>A^RB#tftJ& LTK1P3 /iiniOA 1 G a 
I nN^l 5Sr«l®L7t. ffl^tiA 1 0.8Ga0.05 I n 

[00 25 3 g^^^^u^f•/^;^nJ'>A, hu^f-ypr 
mm^^miSiLX s o oicmT<7:)?am::^-3>tfc 

[00263 *^Jig(5IJtCt5(,^T{i. ^±tC6/imU± 

1 O'6cm-3tfiBj6-Cis:PiBtOii.-55:i^07Cig.aJiA«f4^>ti 
[00 273 tfz. y^yr-(Vm^-^y-!^-A^10 

mm/^x'mm.^^tzm^\i. m^Bmmitimx'mjt^ 

OJ©^. Inffl^{i0. 15i:^:»9. 10000^/^ 

[00283 *^SSW^ J:*i,(±\ ta^O-f 7 r ^ Ta«i 
±tC##igH^Hii<0;^i^^LTifgRL^^A 1 Ga I nN« 

[00293>l«oid tcfi«±(c^N?&tc,R,Woi:v^A l 
Ga 1 nN;iS-Jt^T'§!&ffl*{i, A I Ga I nN«l 
5\iZt^^^<Di&\^S i CmUl 1 ^ffll^3t±fcl, CICO 

mi 1 1 ±t= , mm^nA x^mistm mmmx 
h^o-t\^sm^K 1 Njsi 2^mLtz(r)x\ 
aAi Njsi 3{ii¥^^,a*sm<o{f4>o#*<ii'^^iM0 



^itf:fflT'#^*>A.-Cfel.. ii'xqiSSiaA 1 NJi l 2i:# 
JjiiSuliii -1 3i:^:ll'Lr A 1 Ga I n NJi^JjS;M-§-ti-fL 
{J\ *^^^>-rLtS i Cffi-M2:mv^=Sr<Tt>J:l^. ?t 

s i cmmi^-^r^Tmmzit-^xmmzimifi 
m-^x'hh. 

[00303 a/ci^T'tSS i Cffi«0:tCffl^*»A 1 N 
A^/^^i^^fllfeliA 1 NJSI 2t^J:t>'##S5!iiaA I N/g 1 
3 ^JTIUT t ^■S.J'/. C: <7)fflJi£l3G a A^^SixT I- i 
<, V^;J7«9>-I)A IxGal-xNJi (O^x^l ) T'ifeoT 

10 

[003 1 3 =5r*5. iWiMWiV^A I Ga 

I n NJSI 5W^J56':)7t*i^tC. imm^A I NJSI 30 
±tC. A 1 0.1Ga0.9NJSl 4S^ffl^/^TV^^*^ ^COJS 

[00323 ( 2 ) a 3 lC*fE«WiOlg- OHJfe-fiFiI 

t7:>A 1 Ga I n\'imm<7imm5m\,zx ^fmLtzA 1 G 
a I nNmm<mmmmmim-t . mmmi tcrm^^ 

(S. A 1 Ga I n NJSI St A 1 G aN® 1 4 fctOl^fc 
A 1 GaN/Ga 1 nN^-fg^l S^rffll^T V^-Sd i: 
20 T'fc^. SltOMOVPE^g^ffll^/tA 1 Ga I nN 

mm(r>mm.-muz-)\^x . imm.-^xmm-t^. 
[00333 6 H- s i cffifi^ 1 1 ^mm^» Lfzm. 
is^h\y~e±.i,zt^^^^m^t LTBSffiL. ^mm 

^mmwf^i^zMXLtz, 5^igSJi5^1l*It7KS5;yx^ 
mXV. --GmmKm: l I^ffi:;^i2r 1/1 omBEt;l55gL 
;tf^, y'yyrA Vm^'^y^-A^X 0 0 OlUte/^)- 
•CHie- § -lirTt „ iJ; v>-C , ^Jc^;^ x •fCj?^ 5 7 r -f h 
-br:5'-4S:110 0X:^-e#«at. 6H-SiCafi^l 

30 [00343 -e<?)^, Xfil^JSSr 9 0 0X;4-miBL, 
HS3£^;yx?iA'i=2*>^> 6 H-s i cmB. 1 1 H±t2V 
]![£J^f4i: \^XTy^-TiS7.^mXLi-z^. 1 Of^-^f^t: 
IllJ^JSISfi: LT h ^):<^)Vr}V^-^J^^W^\.xm 
J? 1 0 n m<7)#Sg^A 1 NJS 1 2 SrttSLfc. 
[00 353 ^f:)^. b U;'<f-/P-r/P5^'>AOtt*&Sr 
— H.^itL. fflRfaffi5r6 0 0°C*TML3tf*, :E3I 
ii7yx#Al=2*-^>III]S^=pfi: LT h y^^/t-T^PS 
-n7Ai^ffmifc|&LTllJ¥2 0 nmiO##|g,aA 1 NJf 

40 [00363 ^d^S-^X. Wmsmr 100 0T:{C#iaL7t 

f-/UXf'J'>A^fifc«^LT^3//in<7)A 1 GaN^l 4 
?rJftffiL!t. M^(iA 10.1Ga0.9N-C*>-5. 3jtxmc7) 
^^^ti-^TA 1 GaNJgl 4^ffli{i^aii:^-:>3t. 
[00373 ^(TM. WmSJiti: 9 0 Orm-iSL^ 

U^f-;M :x>'''>A$r^J&LTMJ?2nmOA 1 GaN 
Jil 6i:^J?2nm(??Ga I n N^ 1 7S:iil^dLT4 0 
mmmmL. AlGaN/Al I nNMiSfS^lSi&fl^ 
50 )SL:^v:. iia^{iA10.9Ga0.1N. A 10.7 I n0.3NT 
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[00381 y^}}f.^')Vi]^)i^J^^ hU^i-Jl-T 

mS /Jt- in(DA 1 G a I n NJi 1 5 Srit^ Lfc. m^liA 
10.8Ga0.051 nO.lSNT'ifcS. 
[0039] mmi>ZhU^-f-)l'7(fU ^M.. h V.>(^JUT 

i;«>c?aji$ri?^?a l s o o x:mT<^i&imz'^-^t: t z 

t:. 

[0040] -4^mm\izt3\.-^xii. 3£SK±tc6 /ziiiiyji 

[004 1] tfz. ^"^^r-f hi^-9--fe7°:5'-4^ 1 0 

mm/^Tmm^itti^^ii^ i^s^Brnmnawx-mjuM 

^^COl nffl|3t*^'0. 0 6X'h':>fzC0lzML. :^mm 
cr>%^. Inffl^tiO. 15t^K). lOOOmm/'i^ 20 
OiSSmet: J: 0 I ncoM*)i^ttimt^mici'^Z ti: 

[0042] *9li5feMtc iiitf . m.?¥:(r>-^y r TWK 

±.i.Zi^Mmi'^<r>?t.^iYLXimi.fzA 1 Ga 1 n Nii 

m ^titifSfX'^j: < . ^fS^ 1 8 SriffiS L:^c<?:)T' , S 
X7 >f •/ hSKfi;*^'A 1 G aNiS 1 4*^^±MMKllt-rS 

co^mmti^izfim'c^ A I Ga I nNJBi 5<Dxmm 

Jt. 30 

[004 3] z(r>mfs.m^i. ->ryr-(TmL^m\<^rz 
m^i,zii^<^mimf)i^ti-r. s i cm^<Dm^i,zm 

[ 0 0 4 4 ] ^tj. ^^mi}:^Ltzmmmi,zm.^-^ti 
StOT'ti'Sri^ t.fz. m^^hwmi±^<^w^(.z\m. 

M^ti^j:\>^, fafi^ S i CW^^ZnOWm±. A 1 G 
a I n NSi: r Tffifit J; 0 

gSMN§<. ttzmk\>-^i>U^X'ih^. JSS^-MtcfflV^ 
:tMff-^ilifflfi£t±aitOlK0-Ctt^rV'., A 1 Ga I n 

[0045] ^h^z\t^ ^wni:m^^tzm^m'^h LX 



8 

cy^mmmifmizhmmx'^ hcoamo tx-h^^,^, 

[0046] 

mmj-jzwmi^^aA i N^)mu?i^m.7i^i:im\Lfz 

miZA 1 GaNm,SiJW)S^Jg|«i--&fc^;:Ri}0?g^ll//ltp 
rn^lX. ±mi,zmmLfcA l Ga I n N^M/VOl^iitO 

Ga I nNr4JM^?^|igT:'&S. 

[0047]SJt. AlGaIn N?#Jl«OBJi£lC:JtSr:*> 
SA 1 Ga I nN®tg^2ri!iBili-^cOT\ ffific^iSifiS 

^xhtzi^. ±m^cr>i^m^mmmizm^T^ m^m^a 

I Ga I nN^M^J^B^T-^-S. 

[0048] LJt*^'-:> X , ffij^^OlSV ^ff fefBtr ^ 

^- \''^mmmmmym^b'i,zm\'^^z tcox-^ ^ 
m^^miHiu-^'m'T-mmizmhx-^mx'h h „ 

[02 ] 3|sJ%HB<^l|— OHJgCHlOA 1 G a I n N^|^ 
mm.-)fmzi:hA l Ga I nNr«IS«08)TlBfl|jtll 
[03 ] *%HB<7)ll~<7)g|M^JOA 1 Ga I n NJSMO 

ffM:^^(c i s A 1 G a I n NJi|g<7)BrMS^ia 

1 ^fie^ra.E'g^ 

2 5^^:^^A® 

3 fiF;f^JlI^^rJ>f;W 

6 ^MhP- 

7 »^ 

8 mma 

11 6H-SiC*K 

1 2 m^Si^A I Nil 

1 3 ^^^SS^hA 1 N« 

14 AlGaNJi 

15 A 1 Ga I n NM 

16 AlGaN® 

17 GalnNffl 

18 A 1 GaN/A 1 I nN^j@)f§^ 
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